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ABSTRACT 

We present a new multi-wavelength study of supernova remnant (SNR) B0513-692 
in the Large Magellanic Cloud (LMC). The remnant also has a strong, superposed, 
essentially unresolved, but unrelated radio source at its north-western edge, J051324- 
691049. This is identified as a likely compact Hll region based on related optical 
imaging and spectroscopy. We use the Australia Telescope Compact Array (ATCA) 
at 4790 and 8640 MHz (A ~ 6 cm and A ~ 3.5 cm) to determine the large scale 
morphology, spectral index and polarization characteristics of B0513-692 for the first 
time. We detect a strongly polarized region (49%) in the remnant's southern edge 
(A ~ 6 cm). Interestingly we also detect a small (~ 40 arcsec) moderately bright, but 
distinct optical, circular shell in our Ha imagery which is adjacent to the compact 
Hn region and just within the borders of the NE edge of B0513-692. We suggest 
this is a separate new SNR candidate based on its apparently distinct character in 
terms of optical morphology in 3 imaged emission lines and indicative SNR optical 
spectroscopy (including enhanced optical [Sn] emission relative to Ha). 

Key words: ISM: supernova remnants - ISM: Hll regions - galaxies: Magellanic 
Clouds - radio continuum: galaxies: B0513-692 (J051315-691219); N112: J051324- 
691049: J051327-6911: SNRs: Hll regions. 



1 INTRODUCTION 

The Large Magellanic Cloud (LMC) offers a unique op- 
portunity for studying supernovae and supernova remnants 
(SNRs) in varied environments. All objects within the 
LMC can be conside red essentia ll y at the same dis tance 
of ~ 51.5 kpc (e.g. iFeast I Il999l : [Nelson et all |200Ch and 
is essentially a thin (~ 500 parsec) disk inclined at onl y 
35 degrees to our line of sight (|van der Marel fc CionilfeoOll ) . 
This permits accurate nebular and physical parameters to 
be determined for LMC SNRs. Furthermore, the LMC is 
close enough to resolve the structure and morphology of in- 
dividual extended objects contained within it, such as SNRs. 
These studies are enhanced by the small uncertainty in ab- 
sorption towards the LMC (e.g. lKaler fe Jacobvlll990l ). 

The best approach to identify SNR candidates is 
through the use of multi-wavelength surveys. Most com- 
monly, these surveys include the X-ray, radio and optical do- 



mains, although SNRs also produce a large number of emis- 
sion lines in the ultraviolet (UV) and infrared (IR) wave- 
length regimes. In the radio, techniques to distinguish be- 
tween SNRs and the other nebula types are based on their 
strongly polarized and non-thermal emission. SNRs have 
an averag e radio spectral index (defined as S„ oc v a ) of 
a = —0.5 (Inglis fc Kit chinlll990l ) compared to Hll regions 
which have much flatter spectra of a ~ 0. In the optical, 
narrowband imaging at Ha, [S n] and [O ill] wavelengths can 
be a useful discriminant as the morphological details, such 
as spherical (shell) symmetry and filamentary structure is 
helpful in distinguishing SNRs from other sources such as 
Hll regions and superbubbles, especially as a function of 
the imaged line. Comparison of their spectral emission-line 
signatures from spectroscopy allows for more unequivocal 
identification of SNRs via specific, diagnostic line rat ios, par- 
ticularly [Sii] relative to Ha (e.g. iFesen et al.|[l985l ). 

The first SNR radio identification in the LMC was made 
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using the Parkes radi o telescope at 1410 MHz w ith a res- 
olution of about 14' (|Mathewson fc Healevlll964l ') and the 
most extensive wo rk in identifying Magellanic C l ouds SNRs 
was conducted bv lMathewson et alj (jl983l . ll984l , ll985l '). Re- 
cently, we have identified 76 SNRs within the LMC of which 
32 are new SNR candidates (Filipovic et al., in prep). Cur- 
rently, the identifications are based solely on each object's 
morphological structure from our powerful new radio mosaic 
images of the LMC so additional corroborating data such as 
presented here is extremely useful. 

In this paper we investigate the multi-wavelength prop- 
erties of one of the LMC remnants recovered in our new 
survey: SNR B0513-692. We do this by bringing together 
new and archival radio, X-ray and optical imagery, together 
with new optical spectroscopy and a fresh assessment of the 
surrounding environment. 

SNR B0 513-692 (J051315-69121 9) was first confirmed 
as a SNR by iMathewson et all (|l985l ) who studied its mor- 
phology, non-thermal radio spectra and filamentary Ha 
emission. 

In the r a dio b and, they used detections from 
iMills fc Turtle] (|l984T ) with the Molonglo Observatory 
Synthesis Telescope (MOS T) at 843 MHz, and from 
IClarke. Little fc Mills! (|l976l ) with Molonglo radio data at 
408 MHz, to examine the radio morphology and to deter- 
mine a radio spectral index of a =-0.5. An initial X-ray 
detection of the remnant candidate was based on data ob- 
tained from the archives o f the Columbia-E instein Obser- 
vatory survey of the LMC (|Long et al.lll98ll ). In the optical 
they used the IPCS on the 3.9 m Anglo-Australian Tele- 
scope (AAT) coupled with narrow-band interference filters 
centred on key optical emission lines to image a 3.5 x 3.5 ar- 
cmin region of the remnant. In particular they found the 
[Sll]/Ha point-to-point ratio of this object was typically 
~ 0.6. Such a high valu e is a classic signature of a likely 
SNR (|Fesen et al j Il985h . Their narrow-band observations 
showed the filamentary Ha emission following the overall ra- 
dio structure. They also found an intense, compact emission 
component at the North-East of the remnant which corre- 
sponds to a compact radio source also noted. They identified 
this source as a likely, unrelated, H II region. 

Here, we present a more detailed multi-radio frequency, 
multi-wavelength study of this LMC SNR and its immedi- 
ate environs in order to provide a better picture of this little 
studied object and to shed light on the nature of the com- 
pact radio source on the North-Eastern edge and its optical 
counterparts. We now propose that there are, in fact, two 
additional, separate sources on the NE boundary of B0513- 
692. One is confirmed as the previously catalogued com- 
pact Hn region DEM L109, but the other appears to be a 
small, unrelated, compact new SNR candidate which we des- 
ignate J051237-6911, overlapping both the Hn region and 
the larger remnant B0513-692. 



2 COMPILED SOURCE DATA FOR B0513-692: 
NEW AND ARCHIVAL 

The new radio-continuum observations of SNR B0513-692 
were performed in 'snap-shot' mode (integration time was 
about 0.7 hours at each frequency) using the Australia Tele- 
scope Compact Array (ATCA) at 4790 MHz and 8640 MHz 



Table 1. Summary of the ATCA radio-continuum imaging pa- 
rameters of the region - SNR B0513-692. 



Freq. 


FWHM 


FWHM 


(MHz) 


(all ant.) 


(6-km baseline excluded) 


4790 


2"x 2" 


34" x 34" 


8640 


l"x 1" 


19" x 19" 



on 6 April 1997. We used the 375-m array configuration 
which includes 10 baselines between the first and fifth an- 
tenna and an additional five (5) spacings when a 6-km an- 
tenna was used for higher resolution imaging. Our calibra- 
tion sources included PKS B1934-638 (primary flux calibra- 
tor) and PKS B0530-727 (phase calibrator). 

Data reducti on was performed using the miriad 
software package (|Sault fc Killenl 120041 ) . Radio-continuum 
images of these observations are shown in Fig. [1] 
These images were form ed using multi-frequency synthesis 
(|Sault fc Wieringalll994l ) and natural weighting. They were 
deconvolved using the CLEAN and RESTOR algorithms with 
primary beam correction applied using the linmos task. A 
similar procedure was used for both U and Q Stokes pa- 
rameter maps. Because of the low dynamic range (signal 
to noise ratio between the source flux and 3<r noise level) 
self-calibration could not be applied. 

A resoluti on of 34 arcsec was a chieved at 6 cm (against 
43 arcsec from lMills fc Turtle] (|l984l ')'). Additionally, our new 
radio images are compared w it h the LMC radio maps at 
3 and 6 cm from iDickel et al] (|2005h . Better sensitivity is 
achieved, especially at 3 cm, because of the longer integra- 
tion time. These new data allows us to better delineate the 
overall shell structure and, furthermore to provide solid de- 
tection of polarized radio emission from this SNR. 

The strong, compact radio source, J051324-691049, em- 
bedded within the North-East side of the SNR complicates 
the radio picture. In order to attempt to resolve this object 
we used all telescope baselines (i.e. all correlations with the 
sixth antenna) and a Gaussian restoring beam to create a 
high-resolution image with a resolution of 1 arcsec at 3 cm. 
Unfortunately, due to the nature of the radio interferomet- 
ric technique, incomplete uv coverage between the 375 m 
and 6 km ATCA baselines could result in over-resolving or 
breaking up of the source, if it is extended, into multiple 
point-like components. We didn't find any artifacts of pos- 
sible distortion, and we note that the source is either unre- 
solved at 1 arcsec or is no larger than 19 arcsec, which is the 
highest resolution of the 375 m baseline at 8640 MHz. We 
re-analysed the ATCA data (but omitting the 6-km base- 
line) to yield a lower resolution but higher sensitivity im- 
age to enable a better study of the extended, diffuse nature 
of SNR B05 13-692. Table Q] lists the basic radio imaging 
parameters. To enhance our study of the extended rem- 
nant SNR B0513-692 and the unrelated, embedded, com- 
pact source J051324-691049, we also examined existing ra- 
dio data from the Syd ney University M olonglo Sky Survey 
(SUMSS) at 843 MHz |Bock et al.lll999l ) and a new ATCA 
mosaic image at 1377 MHz (Staveley-Smith et al., in prep.). 

We also analysed new, narrow-band optical data of the 
SNR extracted from a deep, high resolution Ha map created 
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Figure 1. Total intensity ATCA images of SNR B0513-692 at 
4790 MHz (top) and 8640 MHz (bottom), overlaid with con- 
tours giving the associated flux radio level. For the 4790 MHz 
image, contours include -1, 3, 4, 6, 7.3, 8.8, 10.3 and 2Qcr (cr = 
0.5 mjy Beam ) and for the 8640 MHz image they are -1, 2, 
3 and ha (a = 0.4 mjy Beam -1 ). The synthesized beam of the 
both ATCA observations are 34x34 arcsec (lower left corner of 
each image). Note the strong compact radio source at the NE 
edge of the remnant. 



by the digital combination (median stacking) of 12 x 2 hour, 
narrow-band, Ha UK Schmidt Telescope (UKST) expo- 
sures of the central 25 square degrees of the LMC (Reid 
& Parker 2006a,b), also section 3.2.4). This was supple- 
mented by independent Ha, [S n] and [O ill] images from 
the Magellanic Cloud Emission Line Survey (MCELS) sur- 
vey (http:/ / www.ctio.noao.edu/mcels/jO]. These data have 
proven crucial in helping to unravel the nature of the com- 
pact NE components (see later). 

The CO map of the region comes fro m the NANTEN 
survey of the LMC (|Fukui et a.l.lll999l . l200lh . Infrared images 
at 12, 25, 60 and 100 /im were also obtained from the In- 
frared All-Sky Survey (IRAS) archive and images at 8.8 fim 
from the Midcourse Space Experiment (MSX) archive. Fi- 
nally we use X-ray data from the ROSAT All-Sk y Survey 
(RASS) Faint Source Catalog (|Voges et all I2000T I to com- 
plete our multi- wavelength data set. 
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The relevant 6x6 arcmin fits images of the region were kindly 
made available to us by C.Smith et al. prior to general release. 



Figure 2. Intensity slices through SNR B0513-692. The direction 
of the arrows point from left to right from the zero offset on the 
x-axis of the accompanying slices 1, 2 & 3. 



3 ANALYSIS AND RESULTS 
3.1 SNR B0513-692 

3.1.1 Radio 

The ATCA 4790 MHz radio image (Fig. \T\ top) of 
SNR B0513-692 shows an elliptical ring-like structure with 
central features consistent with the new 1377 MHz ATCA 
mosaic image (Staveley-Smith et al., in prep.). The SW part 
of the elliptical shell is reasonably symmetrical with peak 
fluxes including values of 3.65 mjy Beam -1 (SE contour at 
7.3a), 4.4 mjy Beam -1 (SW contour at 8.8cr) and 5.15 mjy 
Beam -1 (NW contour at 10.3cr). The structure of the north- 
east half of the shell cannot be resolved since the strong, 
point-like source, J051324-691049, is embedded towards the 
NE edge of the SNR. Two cavities (which are unresolved - 
they match the beam size) are located in the central part of 
the SNR with fluxes below the 4a level. In Fig. [2] we show 
the relative intensities of slices drawn through these central 
cavities. Slices along the minor axis show a slightly steeper 
gradient on the north eastern side of the shell which may be 
explained by a gradient in the surrounding ISM density or 
magnetic field. The shell thickness in the radio is measured 
at approximately 30% of the objects radius, which is proba- 
bly just an upper limit considering the size of the restoring 
beam used. 

The remnant shell in our ATCA 8640 MHz image (Fig.[T] 
bottom) was restored using a 34x34 arcsec gaussian beam 
and has a very low dynamic range above the surrounding 
noise. The unreliable contour at 2a shows basic similari- 
ties to the 3a contour of the 4790 MHz image, but some 
features including the southwestern ridge are inconsistent. 
These regions were most likely poorly reconstructed during 
the cleaning stage, resulting in the formation of 'blobs' on 
the image. 

The major and the minor axes are estimated from Fig. [2] 
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Radio spectrum of LMC SNR 0513-692 



1000 



Figure 3. Linear polarization image of SNR B0513-692 at 
4790 MHz with the same intensity contours used in Fig. [l] Polar- 
ization vectors are drawn along a band in the middle of the rem- 
nant as well as in its southern hemisphere. The length of these 
vectors are proportional to the fractional polarization, with the 
highest noted at 49%. This amount of fractional polarization is 
denoted by the bar in the lower left corner of the image. Note 
that the correction for the Faraday rotation could not be applied 
(see text). 



to be 260x170 arcse c in angular extent. Given an LMC 
distance of 51.5 kpc (|Feast 1 1 19991 : iNelson et alll200Cl ). this 
gives the linear size of the remnant as 65x42 pc (±7 pc 
for both axes). By comp arison, optical AAT imaging in Ha 
ijMathewson et al1ll985l ) give dimensions of 60x51 pc (using 
a distance to the LMC of 55 kpc). 

Linear polarization images for each frequency were cre- 
ated using Q and U parameters. While we detect no re- 
liable polarization at 8640 MHz, the 4790 MHz image re- 
veals strong linear polarization in a band along the cen- 
ter of the remnant and its southern hemisphere along the 
rim. Fig. [3] shows areas of fractional polarization superim- 
posed on the same 4790 MHz intensity contours used in 
Fig-Hi It is the first reliable detection of polarized radio emis- 
sion from this object. Polarization vectors were plotted only 
in those regions where the polarized intensity was greater 
than Sa QlU above the noise level for the Q and U maps 
{cq,u = 0.1 mjy Beam -1 ). The length of these vectors are 
proportional to the amount of fractional polarization with a 
maximum length corresponding to 49%. The relatively small 
amount of linearly polarized emission on the one hand and 
the patchy and somewhat dubious total intensity image on 
the other, prevent us detecting any significant polarization 
at 8640 MHz (beyond instrumentation error). Without reli- 
able polarization measurements at the second frequency we 
could not determine if any Faraday rotation was present. 

The mean fractional polarization at 4790 MHz was cal- 
culated using flux density and polarization: 



Si 



■ 100% 



(1) 



where Sq, Su and Si are integrated intensities for Q, U and 
/ Stokes parameters. Our estimated value is P = 10%. 

These results indicate the presence of a relatively strong 
and well organized magnetic field with some kind of radial 
structure (considering the fact that the observed strong po- 
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Figure 4. Log-log graphs of the radio spectrum from 
SNR B0513— 692 (top) and the embedded compact radio source 
J051324-691049 (bottom). The flux density of SNR B0513-692 
at 8640 MHz is most likely a lower limit of the actual value 
and was excluded from the power-law fit. It is more likely that 
the spectrum of SNR B0513— 692 is curved as indicated by the 
dashed line. No missing flux was detected at higher frequencies 
(8640/4790 MHz) after comparison with lower resolution Parkcs 
images. The spectral analysis of J051324— 691049 included flux 
values from the high resolution image (dashed line) and the low 
resolution image (solid line). 



larization intensity match parts of the shell where the total 
intensity emission is also strong). 

By fitting an unweighted regression line (i.e. power- 
law fit) at 4 frequencies using the flux density from our 
4790 MHz observations, together with 408, 843 (MOST) 
and 1377 MHz (ATCA-mosaic) flux densities (Fig. gj, we 
obtained a spectral index of -0.4 ±0.1 for SNR B0513-692. 
This confirms the objects non-thermal nature. Integrated 
flux densities and rms noise for each of these wavelengths 
are listed in Table [2] Our flux densities at 4790 and partic- 
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Table 2. Integrated flux densities for SNR B0513-692 and the compact source J051324-691049. Columns 5 and 6 list flux densities for 
high and low resolution images. 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Frequency 


Noise rma 


B0513-692 


J051324-691049 


J051324-691049 


J051324-691049 






S„ 


■Speak 


S v (high res.) 


S v (low res.) 


[MHz] 


[mjy Beam -1 ] 


[mjy] 


[mjy Beam ] 


[mjy] 


[mjy] 



408 360.0 
843 302.0 

1377 0.5 260.0 

4790 0.5 87.0 

8640 0.4 30.0 



28.6 33.0 

24.8 25.0 

15.4 16.0 25.4 

8.4 9.0 19.9 



ularly 8640 MHz most likely represent lower limits because 
of the relatively short integration time. The flux density at 
8640 MHz was omitted from the regression-line calculation 
for this reason. 

Flux density errors (a s ) wer e estimated from : 
a 3 = [JV.Noise r „ 3 2 + (0.05 ■ 5V) 2 ] 1/2 (|Weiler et all 1 19861 ; 
iHo fe Ulvestadl 120011 ), i.e. from the rms noise across the 
surface of a source, and from the influence of the errors in 
calibration. Since the calculated values range between 6% 
and 10%, we assign 10% error bars to the remainder of the 
flux as an upper limit of flux density errors. 



3.1.2 Previous X-ray Observations 

This S NR was first dete cted in the Einstein survey of the 
LMC (|Long et all Il98ll) and diffuse X-ray emission from 
SNR B0513-692 was seen in the Rosat All Sky Survey 
(RASS) data of the region and also in the Position Sensi- 
tive Proportional Counter (PSPC) images. It is listed in the 
RASS Faint Sourc e Catalogue as 1RXS J051315. 7-691219 
dVoges et all |2000|) and in the LMC PSPC catalogue by 
lHaberl fc Pietschl (|1999l ) as HP 835. Table [3] cites additional 
information taken from this catalogue. 

A useful method to characterize the spectrum of X-ray 
sources with limited counts is through the calculation of 
hardness ratios. These (HR1 and HR2) are defined by taking 
the ratio of the differences in count rates between a set of 
X-ray energy bands: 



Table 3. SNR J0513-692 X-ray data from the ROSAT PSPC 
survey. 



HR1 = 



and 



HR2 



{hard — soft) 
(hard + soft) 



(hardfl — hardl) 
(hard2 + hardl) 



(2) 



(3) 



In this case, the energy bands are defined as: soft (0.1- 
0.4 keV), hard (0.5-2.0 keV), hardl (0.5-0.9 keV) and hard2 
(0.9-2.0 keV). SNRs in the LMC ha ve a wide distributio n 
of HR2 values between -1 and +0.55 (|Filipovic et al.|[l998h . 
The HR2 value for SNR B0513-692 of -0.34±0.17 (Table EJ) 
is situated very close to the peak of this distribution. 



3.1.3 Previous and new Optical Observations 

In order to complete our mult i- frequency discussion of 
SNR B0513-692, we discuss the previous optical observa- 



RA(J2000) 


05 h 13 m 13.5 s 


DEC(J2000) 


-69°11'30" 


Total Positional Error 


38.7 arcsec 


Count Rate [counts s _1 ] 


1.41 (±0.28) x 10~ 2 


HR1 


+1.00 ±0.42 


HR2 


-0.34 ±0.17 



tions of this remnant in more detail. Optical counterparts 
for SNR B0513-692 have previously been detected in the 
Ha, [S n] and [O ill] e mission lines from A AT n arrow-band 
IPCS image data from iMathewson et all (|l985h . 

We show in Fig. [5] the new [S n] image of the remnant 
from the deep MCELS data of the LMC. An 5x5 arcmin 
area extracted around the position of the radio position of 
the SNR reveals a coherent, oval shell structure with internal 
filamentary features but with a strong "hint" of a possible 
mirror symmetry with two regions with low brightness lying 
on the major axis. The major and minor axes dimensions 
are 245 x 200 arcsec equating to 61 x 50 pc at the distance 
to the LMC. This grey-scale [S n] image is also overlaid with 
the 4790 MHz radio contours of Fig. [1] which are seen to be 
well matched in overall extent. This strong optical image 
from the [S n] 6717/673lA emission doublet is indicative of 
shock-excited gas and a useful diagnostic for SNR optical 
detection, especially when the [S n] point to po int emission 

Fesen et al.l 



line st rength is > 0.5 time s that for Ha (e.| 
|l985l )) as already found bv lMathewson et al.l (| 19851 ). 

The equivalent Ha image of the SNR taken from the 
new deep H-alpha/SR median stacked image of the cen- 
tral 25 sq.deg of the LMC of Reid/Parker (Reid & Parker 
2006a,b) is shown in Fig. [S] obtained by dividing the Ha 
image by the matching short-red continuum image. This 
new Ha map has allowed extremely low surface brightness 
nebulosities and structure to be detected in the vicinity of 
B0513-692. This is due its arcsecond resolution and high 
sensitivity (R eq uiv ~ 22 for Ha or 4.5 x 10~ 15 ergs cm 2 s _1 
A" 1 ). The Ha map is strikingly similar to the [S n] map 
with all the same, major filamentary features evident within 
the overall oval structure. In Ha the SNR appears to 
be a clear example of t il ted barrel-shap ed morphology 
|Kesteven fc Caswelll 1 19871 ; iGaenslerl 1 19981 ) with the sym- 
metry axis passing through the bright central filament. 
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Figure 5. Red continuum subtracted 5x5 arcmin [Sn] image of 
B0513— 692 superimposed with the same 4790 MHz radio contours 
used in Fig. [T] (MCELS [S II] and red images provided courtesy 
of C. Smith). 
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Figure 6. A 5 X 5 arcmin Ho divided by short-red (continuum) 
image of SNR B0513— 692 taken from the deep Rcid/Parker Ha 
and SR median stacked images of the central 25sq.deg of the 
LMC (Reid & Parker 2006a,b). Note the strong similarity with 
the equivalent [S II] image from MCELS (Fig. [5} though the com- 
pact, strong emission in the NE edge of the SNR is saturated in 
this presentation, preventing any discernment of internal struc- 
ture there. 
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Figure 7. Pscudocolour representations of SNR B0513-692 and 
J051327-6911. The images are a straight combination of the 
Ha (red) , [S II] (green) and [O in] (blue) images obtained by 
MCELS (courtesy C. Smith). The overall optical morphology and 
angular size of B0513-692 (top) is in good agreement with the new 
radio images at 3 and 6 cm. The bottom image gives the enlarged 
NE part of the top image. The bright, orange circular object on 
the periphery of B0513— 692 is clearly distinct both from the large 
oval shell of B0513-692 itself and the compact, pink-white HII 
region immediately to the NW. 



Finally, a new MCELS colour composite Ha, [O ill] and 
[S n] image is presented in Fig. [7] This image clearly brings 
out the nature of SNR B0513-692 and further details con- 
cerning the compact region on the North-Eastern limb (see 
section I3.2I below) . 

3.2 Commpact radio source J051324-691049 
(optical counterparts LHA 120-N112; 
DEML109) 

In the North-East edge of B0513-692 there is the compact 
radio source J051324-691049. Previous radio observations 
of J051324-691049 sugg ested it was a compact Hn region 
(|Mathewson et allll985l ). An opticall y identi fi ed ob ject at 
this position was also listed in the iHenizd (|l956l ) cata- 
logue of Magellanic Clouds emission nebulae as LHA 120- 



N 112 based on low dispersion objective prism photographic 
spectroscopy and as DEML109 in the catalogue of nebu- 
lar complexes of th e Large and Small Magellanic Clouds by 
jDavies et al.lll976l ). 

The SIMBAD database identifiers associated with 
J051324-691049 are listed in Table 0] and we con- 
sider them all as referi ng to the same source. However, 
iGurwell fc Hoded (jl990l ) listed a galaxy behind the LMC 
with a position coincident with J051324-691049 based on 
CTIO 4-m broad-band optical B & V photography. They 
listed coordinates (J2000) of RA=05 ,1 13.4 m and DEC=- 
69° 11', citing rather large positional uncertainties of about 
±10 s in right ascension and ±1 to 2 arcmin in declina- 
tion. Unfortunately, this led to a confusing connection in 
the NASA/IPAC Extragalactic Database (NED) of radio, 
far and near-infrared coincident sources with this putative 
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galaxy. Also note that the coordinates of N112 listed by 
SIMBAD in Table|4]are incorrect. Here, we provide updated, 
accurate, optical co-ordinates and attempt to clarify the true 
nature of the compact N 112 region and its eastern extension 
through an analysis of new radio, infrared, CO and optical 
data. 

3.2.1 Radio 

The compact radio source, J051324-691049 is embedded 
within the North- East edge of SNR B0513-692. It has a peak 
flux position at RA=05 fe 13 m 24.8 s and DEC=-69°10'49.l" 
(J2000.0). A radio spectral index was constructed using flux 
densities obtained from our 8640 and 4790 MHz ATCA im- 
ages and data from other radio frequencies as shown in Ta- 
ble [2] Column 4 lists peak fluxes, column 5 flux densities 
from our high resolution images (using all antennas) and 
column 6 flux densities from our low resolution images (ex- 
cluding antenna 6). We use the miriad task imfit to deter- 
mine position and peak/integrated flux values for our data. 
Flux density values for 843 and 1377 MHz data are the same 
in both columns 5 and 6. 

If we assume that all of the radio flux from J051324- 
691049 is not fully resolved in the high resolution imaging 
process, then the spectral index, fitted from the integrated 
flux densities (sixth column in Table[2]), is relatively flat with 
a — —0.2 ±0.1 as shown by the dashed line in Fig. [4] On 
the other hand, is is possible that this radio source is unre- 
solved (i.e. if its angular dimensions are less than 1 arcsec 
beamwidth of the restoring beam used in deconvolution) . In 
this case the spectral index would be strongly non-thermal 
with a = —0.5 ± 0.1 as shown by the solid regression line in 
Fig.H 

We have calculated the brightness temperature for this 
compact radio source at 8640 and 4790 MHz using the equa- 
tion: 



where S\ is flux density and £l\ is angular size in steradians. 
The resultant value for A ~ 3.5 cm is T| 5cm = 148 K and 
for A ~ 6 cm is T| cm = 213 K. Since our flux densities at 
both frequencies represent lower limits, these numbers are 
also lower limits of brightness temperature. They do not rule 
out the presence of thermal radio emission from this object. 

The polarization estimates for J051324-691049 at each 
wavelength were found to be below the noise level (i.e. 
the upper limit for polarization is ^0.6 mjy Beam -1 and 
^ 0.3 mjy Beam -1 for 8640 and 4790 MHz, respectively) 
and thus not helpful in characterizing radio emission from 
this object. 

3.2.2 CO detection as a proxy for molecular hydrogen 

We used data from the LMC CO survey undertaken with 
the 4-metre NANTEN millimetre-submillimetre radio tele- 
scop^EI (Kawamura et al. in prep). One of the main aims 

2 operated by Nagoya University at Las Campanas Observatory 
in Chile and under mutual agreement with the Carnegie Institu- 
tion of Washington 



of the NANTEN project is the full-mapping of molecu- 
lar clouds in the LMC and along the Galactic plane using 
the 12 CO(l — 0) transition as a proxy for molecular hydro- 
gen. A relatively weak molecular cloud, listed as No. 180 in 
the LMC CO cloud catalogue was found in the vicinity of 
J051324-691049. This small molecular cloud (compared to 
the NANTEN beam of ~2.7 arcmin or 39 pc at the LMC 
distance) was found at (J2000.0): RA=05 h 13 m 17.8 s and 
DEC=-69°10'38". The spectrum of the CO emission of this 
cloud has the absolute antenna temperature, Tr*=0.49 K, 
with LSR velocity V; 3r =233.4 km/s, and a FWHM velocity 
width of AV=2.34 km/s. For the LMC NANTEN survey, 
they take a velocity-integrated intensity, 11=1.2 Kkm/s on 
average, as representing a real detection (3 a noise level). 
We find only one spectrum toward this region which sat- 
isfies the above criteria, though we can 'see' the spectrum 
adjacent to it. If we take a 2 arcmin grid spacing and define 
a radius 'R' from the detected cloud area of tvx r 2 , then 
we find R=16.41 pc (assuming D=51.5 kpc). This yields a 
virial mass M„j r =1.7xl0 Mq. The observed line-width of 
2.34 km/s is one of the narrowest seen among CO emis- 
sions in the LMC detected by NANTEN. The average AV 
is ~6 km/s. 

We found that a significant number (>75%) of known 
LMC SNRs appear to be associated with CO clouds (Kawa- 
mura 2006, priv. comm.). This is evidence that the SNR 
shock front is interacting with the surrounding environment. 
It is reasonable to expect that most SNRs are located around 
dense molecular clouds. 

However, the question remains as to whether this molec- 
ular cloud is physically connected with B0513-692 or indeed 
associated with another source given the positional uncer- 
tainties of ~2.7 arcmin associated with the CO maps. Only 
higher resolution CO observations could resolve this ques- 
tion. 

3.2.3 Infrared and Mid-Infrared emission 

An entry in the IRAS Point Source Catalogue, version 2.0 
(NASA RP-1190): IRAS B05137 -6914 gave a decent posi- 
tional match to J051324-691049. Its flux densities in the dif- 
ferent IRAS bands together with quality measurements, are 
listed in Table [S] We also note that the IRAS observations 
gave no significant infrared emission from SNR B0513-692. 

In Fig. [5] we show an 8.3 /jm (Band-A) high sensitiv- 
ity image of J051324-691049 from MSX where the astro- 
metric accuracy permits a much more unambiguous match. 
The source is seen in all 4 MSX bands but it is strongest 
at 8.3 n m. Flux densities from all four bands are listed in 
Table [51 (|Egan et alJliooll ). This 8.3 /xm MSX image reveals 
a compact, centre-brightened, but resolved source with an 
elliptical shape. Its angular dimensions are ~ 30x40 arcsec 
(7.5x10 pc) and its position, with positional uncertainty 
of ~ 1 arcsec, is presented in Table [3] The same source is 
catalogued as record number 20 in the catalogue of cross- 
correlated LMC sources from MSX and The Two Micron All 
Sky Survey (2MASS) surveys. lEgan et alj (|200lh . Data from 
matching sources from those two surveys are presented in or- 
der to expand the IR colour baseline. Furthermore, consid- 
ering the much improved combination of sensitivity and res- 
olution of MSX compared to IRAS, better insight into LMC 
objects with high IR excess (AGB stars, planetary nebulae 
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Table 4. Identifiers from the SIMBAD database giving previously catalogued objects in the immediate vicinity of the point-like radio 
source J051324-691049. 



Catalogue Name 


RA(J2000) 


DEC(J2000) 


Reference 


J051324-691049 


05 h 


13 m 


24.8 s 


-69°10'49.1" 


This paper 


LHA 120-N112 


05 h 


13 m 


23.2 s 


-69°11'38.1" 


Henize (1956) 


LHA 120-N112 


05 h 


13 m 


14.6 s 


-69°13'37.0" 


SIMBAD 


DEM L109 


05 h 


13 m 


26.5 s 


-69°10'53.3" 


Davies et al. (1976) 


GH 6-2 


05 h 


13 m 


24.0 s 


-69°11' 


Gurwell & Hodge (1990) 


IRAS 05137-6914 


05 h 


13 m 


24.67 s 


-69°10'48.4" 


Joint IRAS Working Group 


MSX LMC 217 


05 h 


13 m 


24.67 s 


-69°10'48.4" 


Egan et al. (2003) 


No. 180 


05 h 


13 m 


18.8 s 


-69°10'38" 


Kawamura et al. in prep 


OGLE-CL LMC241 


05 h 


13 m 


25.65 s 


-69°10'50.1" 


Pietrzvnski et al. (1999) 



-69°10'00" B 



-10'30" - 



-11'30" - 



-13W - 




Right Ascension (J2000) 



Figure 8. MSX 8.3 (im grey-scale image of J051324-691049 over- 
laid with 4790 MHz low resolution (black) contours (3, 4, 7 and 
25cr; a = 0.5 mjy Beam ) and high resolution (white) contours 
(4, 6 and 8 mjy). 



(PNe) and compact Hn regions) is expected. The 2MASS J, 
H, K survey photometry measured at the J051324-691049 
position are also presented in Table [5] The resultant IR 
colours of the source with J — K 3 < 2, K 3 — PC^ 2.5 and 
0.75 < H - K s < 2, J051324-691049 ar e typical of PNe b ut 
also overlap with those of Hn regions (|Egan et al.l (|200ll) ). 
We can resolve the ambiguity by simple consideration of the 
angular extent and hence physical size of J051324-691049 
which is estimated at ~ 10 pc, far too large for any PN. 
This makes a compact H II region the most probable identi- 
fication. It is most likely powered by the dominant compact 
stellar association located in the centre of the region which 
can be seen clearly in the SuperCOSMOS B-band image. 
This stellar content of the Hn r egion is catalogued as the 
star cluster OGLE-CL LMC241 (|Pietrzvnski et al.lll999T ). 



Table 5. Near-IR and mid-IR flux densities and magnitudes of 
IRAS 0513-6914 from the MSX, 2MASS and IRAS surveys. 



Band 


Wavelength 
(/im) 


Int. Flux 

(Jy) 


mag 


Survey 




12.0 


0.7824 




IRAS 




25.0 


2.584 




IRAS 




60.0 


19.71 




IRAS 




100.0 


58.1 




IRAS 


A 


8.28 


0.33±0.01 


5.92 


MSX 


C 


12.13 


0.50±0.05 




MSX 


1) 


14.65 


0.53±0.04 




MSX 


E 


21.34 


1.10±0.08 




MSX 


./ 


1.0-1.5 




14.7±0.1 


2MASS 


H 


1.5-2.0 




14.21±0.1 


2MASS 


K 3 


2.0-3.0 




13.23±0.1 


2MASS 



3.2.4 Narrow-band optical emission-line imaging 

To further characterize the nature of the region around the 
compact radio source we closely examined the new, deep 
[Sll], [Om] and Ha images of J051324-691049. 

First, we re-examined the red-continuum subtracted 
MCELS [S 11] image of B0513-692 shown in Fig. [5] There 
is a strong, compact, [S 11] emission feature on the North- 
East rim of the SNR that coincides with the compact source 
J051324-691049. Interestingly, however, there is an addi- 
tional, quite strong, shell like feature immediately to the 
East that blends in to the compact source but appears some- 
what distinct compared to the larger, oval structure associ- 
ated with SNR B0513-692 in terms of emission line strength 
and shape. 

We have also re-examined data from the Ha map of the 
LMC referred to in section 1 (see Reid & Parker 2006a, b 
for further details) together with the equivalent matching 
broad-band red 'SR' image. This matching Ha image in 
Fig. [6] has been manipulated to highlight the low surface- 
brightness coherent details across the whole SNR. Note the 
region around the compact Hn region N 112 is completely 
saturated in this representation but hints of a two compo- 
nent nature to the compact saturated zone is seen. 

A small extract of the Ha grey-scale image is shown in 
Fig. [9] Here, the data is shown at base contrast with a lin- 
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ear pixel intensity scale. The compact Hn region J051324- 
691049 is clearly seen as an intense, approximately circular 
structure about 20 arcsec across but with an irregular bor- 
der. However, the raw, Ha continuum subtracted image also 
reveals an adjacent, fainter, approximately circular nebula 
structure ~ 40 arcsec across and about 15 arcsec to the 
South-East. We propose that this feature is not simply an 
extension of the H II region but is a separate source in its own 
right. This proposition is neatly confirmed when we exam- 
ine the MCELS combined Ha (red), [Om] (blue) and [Sn] 
(green) image of the region as a colour composite (Fig.[7]bot- 
tom). The ways the colours combine according to the rela- 
tive intensity of each emision line highlights the different 
nature of the various components quite effectively. A clear, 
very well defined, circular, orange nebula is seen immediately 
adjacent to the compact pink- white Hn region and clearly 
brighter than and distinct from the fainter emission levels 
from the larger scale B0513-692 remnant. The north-east 
part of B0513-692 intersects with this object across ~ 50% 
of its area. 

We designate this newly identified source as 
SNR J051327-6911. This new feature also matches 
the [S n] extension to the compact source seen in Fig. [5] 

Despite close angular proximity, the relative Ha and 
[S n] image intensities and morphologies of the compact ra- 
dio source J051324-691049 and our newly optically identi- 
fied proposed SNR J051327-6911, are sufficiently distinct to 
consider them as separate entities. Unfortunately, the exist- 
ing radio observations of the region are completely domi- 
nated by the flux emanating from the compact Hn region 
so that any independent signal from the adjacent proposed 
SNR is lost. Further observations with longer integration 
time and a suitable array configuration to resolve out the 
area could potentially reveal the radio position and mor- 
phology of this object. 

3.3 Optical spectroscopy of the compact Hn 
region and new adjacent SNR candidate 

We obtained low resolution optical spectroscopy of the com- 
pact radio source J051324-691049 and the newly suggested 
adjacent SNR J051327-6911 located 15 arcsec to the south- 
east (Fig. [5} . The spectra were taken with the 2dF multi- 
object fibre spectroscopy system on the Anglo- Australian 
Telescope (AAT) in December 2004 as part of an exten- 
sive foll ow-up programme of n ewly identified LMC emission 
sources, iReid fc Parker! (|2006r i. The reduced, wavelength cal- 
ibrated, sky-subtracted, 1-D spectra of the two adjacent re- 
gions are given in Fig. 1101 Note that although no flux calibra- 
tion was applied, the fibre relative transmissions have been 
normalized via sky-line flux within the reduction pipeline so 
that, given the identical exposure times and observing condi- 
tions, the relative strengths of Ha and other emission lines 
between the spectra are reasonably indicative. Note that 
the Hn region Ha peak intensity is ~ 20 x that of the adja- 
cent source. The measured integrated intensities of the most 
prominent lines for both objects as given from Gaussian fits 
are given in Table [6] As expected, based on the evidence 
from the multi-wavelength images, the optical spectrum cen- 
tred on the compact radio source J05 1324-69 1049 (Fibre 1; 
Fig. [9] and top panel of Fig. 1 10 p is typical of a H n region or 
a very low excitation PN due to the absence of high excita- 



Table 6. Measured line intensities of compact source J051324- 
691049 (l Fibrel ) and the new SNR candidate J051327-6911 
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H/3 
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[Om] 


39732 


625 


5007 


[Om] 


125190 


1004 


5876 


[He I] 


11952 
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[N n] 


13849 


980 


6563 


Ha 


517888 


18477 


6584 
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[He I] 


4584 




7135 
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15347 




7323 


[On] 
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tion lines and relatively weak [O ill] relative to H/3. However, 
as noted previously, a PN is ruled out on the basis of the 
large physical nebular size. The spectrum of J051327-6911 
(Fibre 2; Fig. [5] and bottom panel of Fig. II Op is completely 
different. The object is clearly not what would be expected 
if it was from a faint extension to the H II region. Rather it 
is immediately suggestive of an SNR due to the extremely 
strong [S n] lines relative to Ha and the prominence of the 
[On]3727A and [Ol]6300, 6363A emission lines. As shown 
in Table the measured [S ll]/Ha ratio from this spectrum 
is 0.55 placing it fully w ithin the SNR dom ain following the 
line-ratio diagnostics of iFesen et alj (|l985T l. This ratio is a 
prime indicator for distinguishing SNRs from Hn regions, 
fir st pioneered for SNR s earch es in the Magellanic Clouds 
bv lMathewson fc Clarke] (|l973l ). Hn regions typically show 
[Sll]/Ha ratios of about 0.1, while SNRs have ratios ^ 0.4 
in most galaxies. These new spectroscopic data add signifi- 
cant credence to the veracity of the new SNR identification. 
The superposition of 2 SNRs which are likely at different 
stages of evolution, is rare and provides interesting possi- 
bilities for further study. The intersection along the line of 
sight of SNR B0513-692 and SNR 051324-691049 can be 
used to test absorption of the closer remnant. With new, 
better quality spectral line observation in the vicinity of this 
overlapping region it may be possible to resolve remaining 
questions including the interrelation of those two objects. 
Also, a new, much more sensitive radio observation of these 
two SNRs could probe structure of the magnetic field in the 
interlacing part of the shells through the measure of Faraday 
rotation. 

Electron densities for these two sources calculated from 
the observed ratio of the [S ll] lines are 385.2 cm -3 and 
37.2 cm -3 for J051324-691049 and J051327-6911 retrospec- 
tively. 
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Table 7. Line intensity ratios at Fibre 1 and Fibre 2 positions. 



NOAO/IRAF V2.12.2-EXP0RT warren@wattle.ics.mq.edu.au Sat 15:59:25 28-May-2 
[/home/warren/2dFJ>ec_2004/14dec/LMC-E_ecdl_new.fits[0][*,51]]: 2dF-E INDEF ap: 



Lines Fibre 1 Fibre 2 



[Nil] /Ha 0.12 0.29 
[Sn]/Ha 0.08 0.55 
6717/6731 1.11 1.36 



J051.324-691049 




New*5NR LMC J051327-69 



. # 



3 n 13 m 35 s 30 s 35 s 30 s 15 s 

Right Ascension 

Figure 9. AAO/UKST 12 X 2 hour exposure median-stack Ha 
image (gray scale) of the N 112 region (Reid & Parker 2006a, b). 
Two small circles marked as Fibre 1 (white) and Fibre 2 (black) 
represent the positions of the two 2dF 2.5 arcsecond fibres placed 
near the center of J051324-691049 (RA=05 h 13 m 24.8 s , DEC=- 
69°10'49.l") and on the border of the newly suggested SNR 
J051327-6911 (RA=05 ,l 13 m 29.71 s , DEC=-69°11'19.2") as far 
away as possible from N 113. The larger black circle is centered 
on the position of the new proposed SNR J051327-6911 and it 
has an Ha diameter of ~40 arcsec. Note that the Ha pixel in- 
tensities of this coherent, small, shell-like structure adjacent to 
the compact H II region are twice that of the strongest optical 
components of the large oval SNR which are not even visible in 
this linear grey-scale image adding further support to its distinct 
nature. 



4 INTERACTION BETWEEN THE 
COMPONENTS 

We found no evidence of any interaction between the two 
SNRs, such as morphology deviation, or enhanced [O ill] and 
X-ra y emission at the jun cture of the possible colliding re- 
gion (|Williams et al.lll997l ). Such features are not apparent 
from the currently available limited observational material. 
We think that direct interaction is most unlikely since the 
young SNR appears just at the rim of the older remnant 
which is a tight constraint on the position along the line of 
sight. However, given the short relative lifetimes of SNR the 
two remnants are likely to have exploded at a similar time 
and space. 

There is a possible influence from high-energy UV pho- 
tons from the nearby star cluster OGLE-CL LMC241 to the 
ionization of the young SNR, but no stratification of ion- 
ized material in the visible part of the shell (outside of the 
Hll region) is detected. With appropriate radio observations 
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Figure 10. 2dF reduced 1-D optical spectra of compact ra- 
dio source J051324-691049 (top) and proposed new LMC SNR 
J051327-6911 (bottom). The top spectrum (Fibre 1; Fig. |9j is 
typical of a galactic H II region whilst the lower spectrum (Fi- 
bre 2; Fig. [9} has strong [Sn] lines and prominent [On]3727A 
and [Ol]6300, 6363A lines typical of an SNR. 



(wider ATCA configuration and longer integration time), 
one could construct a distribution of the young SNR spec- 
tral index, and map spectral changes across the remnant's 
shell. This kind of distribution will show the influence and 
possible stratification of the thermal emission (from photo- 
ionization) to the synchrotron radiation as the main radio 

emission mechanis m of an SNR. 

According to lElmegreen fc Ladal (| 19771 ), new genera- 
tions of massive stars in OB associations tends to occur in 
a sequential manner, i.e. star formation moves away from 
the primordial cloud. Since the young SNR appears cen- 
tered well outside the nebula, one plausible scenario could 
be that the progenitor of this remnant belongs to an older 
generation of nearby massive stars. Perhaps some earlier SN 
explosions in an earlier cluster triggered star formation in an 
adjacent molecular cloud. So, all three objects (both SNRs 
and compact Hll region) could have originated from the 
nearby molecular cloud as an evolutionary effect. 



5 DISCUSSION AND CONCLUSIONS 

We verify B0513-692 as a new SNR but more im- 
portantly provide additional radio data and new polar- 
ization measurements. Its polarized, steep (a=-0.4±-0.1) 
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non-thermal radio emission and presence of X-ray emis- 
sion, leave no doubt of its true nature. The existence 
of a symmetry axis with features like mirror symmetry 
and low-brightness regions at the end of the axis (see 
Fig[6}, pl ace this remnant in the ba rrel-shape morpholog- 
ical class (jKesteven fc Caswelll[l987l ). Such a variations in 
the spherical nature of the remnant's structure could be 
caused by a tube-like structure of the surr ounding ISM 
(|Bisnovatvi-Kogan. Lozinskava fc Silichl ll99lT ) or compres- 
sion of an ambient magnetic field which generates high- 
brightness emission regions in part of the shell where 
shock direction is perpendicular to the vectors of the field 
(|Gaenslerlll998h . The later assumption is supported with the 
measured presence of a relativel y strong large-scale m agnetic 
field in this region of the LMC (jGaensler et al.ll2005h . 

Presence of significant polarization suggests that the 
magnetic fields within the shell are highly ordered and rel- 
atively strong. In fact, we find that the estimated level 
of polarisation of this SNR (49%) is among the strongest 
ever found for an SNR. There is no detected pulsar asso- 
ciated with SNR B0513-692. Available X-ray observations 
have insufficient spatial resolution and sensitivity to detect 
an X-ray point source though strong X-ray emission from 
the remnant was not ex pected due to its large physical size 
(|Mathewson et alj|l985h . 

The embedded, compact, radio source J051324-691049, 
identified previously as an Hll region (N 112 or DEM L 109) 
or background source (GH 6- 2), is indeed confirmed as a 
compact H n region, possibly powered by the dominant stel- 
lar association, OGLE-CL LMC241, located at its centre. 
However, there is also an adjacent, faint optical shell seen in 
both the MCELS [S n] image and the deep, new AAO/UKST 
Ha map of Reid & Parker 2006a,b. It has a diameter of 
~40 arcsec (10 pc), and is located about 15 arcsec to the 
South-East of the compact radio source. We consider that 
this a separate entity which we designate J051327-6911. The 
matching [S n] image reveals a strong source at this location 
compared to the matching faint Ha emission, hinting at a 
likely SNR nature. The subsequent optical spectroscopy for 
both J051324-691049 and J051327-6911 exhibit markedly 
different spectral features with the strong [S n] relative to Ha 
for J051327-6911 being indicative of shocked material and 
having a ratio typical of SNRs. These optical observations 
combined with its symmetrical structure, which shows a defi- 
nite boundary, and different optical image intensity, suggests 
that it is not a part of the more extensive SNR B0513-692. 
The compact and strong nature of the radio source J051324- 
691049 most likely prevents any separate signature from this 
adjacent SNR candidate being seen in the current radio data. 

We strongly suggest that J051327-6911 is a new, sepa- 
rate, SNR. Due to the small angular size of this new SNR 
candidate one would assume a young nature but the lack of 
a confirmed strong X-ray counterpart of this object could be 
a strong argument against this presumption though we do 
propose a possible explanation for the unusually low X-ray 
brightness of the source. To begin with the existing ROSAT 
PSPC/HRI and Einstein observations are of low integra- 
tion time and therefore sensitivity. Furthermore, the obser- 
vations did not cover this area completely (the centre of the 
both ROSAT PSPC and HRI pointings are well away from 
the new SNR candidate). Another possibility is that this 
new SNR candidate is interacting with the nearby high den- 



sity molecular cloud and that the shock has already deceler- 
ated to the point where the gas temperature downstream of 
the shock is below the X-ray emitting temperature. This re- 
duced X-ray emission could be strongly absorbed along the 
line of sight l|Ye et all 1 19951) . Finally, the spatial resolution 
of previous X-ray observations (>45 arcsec) would not be 
enough to resolve this new and small SNR from the edge of 
larger nearby SNR B0513-692. Only new Chandra/XMM 
and deeper ATCA observations of this area may solve true 
nature of this intriguing object. 

The objects are positioned in the Optical Bar and near 
the kinematical center of the LMC. There are several Hll 
regions associated with compact groups o f young star clus- 
ters w ithin ~ 150 pc of the observed field (jYamaguchi et all 
l200ll ) but nothing of the significance and magnitude as the 
30 Doradus or N 11 star forming regions. 

Finally the rare superposition of two SNRs in the LMC 
at different stages of evolution, but presumably in a simi- 
lar ISM environment, provides interesting opportunities to 
unravel any possible interaction and environmental issues 
through detailed chemical and kinematical analysis. 
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